1. Intracerebroventricular (i.c.v.) infusion (60 ng h-1) of Isoleu5-angiotensin II (Isoleu5-AngIl) and des-amine-angiotensin II (des-amine-AngII) in rats caused increased drinking behaviour and an increase in arterial blood pressure.
INTRODUCTION
An abundance of evidence has shown that angiotensin II (AnglI) plays an important role in the forebrain circumventricular organs for the control of blood pressure and body fluid balance (Haywood, Ball, Lifschitz & Brennan, 1987; Bealer & Van Huysse, 1989; Thrasher, 1989;  Unger, Horst, Bauer, Demmert, Rettig & Rohmeiss, 1989) . Several studies on the renin-angiotensin system and its participation in different functions of the body, have indicated the action of angiotensin and its analogues in terms of structure-activity. Many AnglI analogues have been obtained by substituting one or more amino acids and radicals in the AnglI molecule (Fitzsimons, 1971) . In relation to the myotropic and vasopressor activity of a number of antagonists of Angll analogues, it has been determined that the phenyl-group at position 8 has the information for the biological response, while the aromatic groups at positions 4 and 6 (tyrosine and histidine respectively), the guanide group at position 2 and the carboxyl C-ending are involved in the site of receptor binding. Also it has been determined that when the octapeptide Angll is deprived of its N-ending (N-terminal) this causes a progressive reduction in its central dipsogenic activity (Gildenberg, Ferrario & McCubbin, 1973; Ganten, Hutchinson, Schelling, Ganten & Fischer, 1976) . The affinity of Angll and AngII analogues for converting enzymes is strongly infltienced by the charge of the NH2-terminal amino acid residue. Inhibitory activity is enhanced by central or basic substituents and attenuated by acid NH2-terminal residues (Peach, 1977) . In mammals, the structure of position 8 of the AngIl appears to be important in determining the affinity for angiotensin receptors, as well as acting as a part of the molecule which transcribes information to evoke intrinsic activity, presumably through the secondary mechanisms in the receptor (Nishimura, Norton & Bumpus, 1978) . The present experiments were undertaken in order to test the effects of Isoleu5-AngII and its analogue des-amine-AngIl on water intake and cardiovascular responses. We also studied the action of different receptor antagonists of AnglI on these effects which were substituted in position 8.
METHODS
Adult male Holtzman rats weighing 250-300 g were housed in individual metabolic cages. Drinking water was available in burettes with standard metal spouts projecting into the cages. Food pellets were available all the time except during an experiment. The animals were maintained on a 12-12 h light-dark cycle with light on at 08.00 h daily. Room temperature was maintained at approximately 24 'C.
Following an acclimatization period of 7 days animals were anaesthetized with ether and cannulae were implanted into the lateral ventricle. The procedures were carried out using a Model 900 stereotaxic apparatus (David Kopf Instruments, Tujunga, USA) and the co-ordinates of the Konig & Klippel (1963) atlas.
After brain surgery, a prophylactic dose of 50000 i.u. of penicillin was administered to each animal. On the morning of the fifth day after implantation of the cannulae, the animals were anaesthetized with ether and a PE-50 polyethylene catheter was introduced into the femoral artery. The catheter was filled with heparinized saline (0-15 M) and fixed to the animal's back with suture through a skin incision (Camargo, Menani, Saad & Saad, 1984) . Tests were started after a Infusion of Isoleu5-AngII (60 ng h-') into the LV (n = 21 rats). Injection of [Leu8]-AngII (60 ng) into the LV+Isoleu5-AngII (60 ng h-1) infusion (n = 21 rats). Injection of des-amine-[Leu8]-AngII (60 ng) into the LV + Isoleu5-AngII (60 ng h-') infusion (n = 22 rats). Injection of octanoyl-[Leu8]-AngII (60 ng) into the LV + Isoleu5-AngII (60 ng h-') infusion (n = 25 rats).
Infusion of des-amine-AngIl (60 ng h-') into the LV (n = 25 rats). Injection of [Leu8]-AngII (60 ng) into the LV + des-amine-AngIl (60 ng h-1) infusion (n = 24 rats). Injection of des-amine-[Leu8]-AngII (60 ng) into the LV + des-amine-AngIl (60 ng h-1) infusion (n = 24 rats). Injection of octanoyl-[Leu8]-AngII (60ng) into the LV+des-amine-AngII (60ngh-1) infusion (n = 25 rats). The AngIl antagonists were injected into the LV 7 min before the AngII infusion was started.
The volume injected was 1 ,ul and the rate of infusion was 5 /ul h-1. The period of injection was 30 s and the time of infusion was 1 h. The recording period for water intake, arterial pressure and heart rate was 1 h. Each experiment was carried out on a separate day. The minimum period between experiments was 3 days. The infusion of Isoleu5-AngII into the lateral ventricle caused an increase in water intake, blood pressure and heart rate compared with control values (P < 0 05; Fig.  1A , B and C). The increase in arterial pressure was gradual and reached a maximum after 10 min of infusion. Previous injection of the antagonists blocked the pressor effect and the increase in heart rate produced by infusion of Isoleu5-Ang1I when compared with the experiment utilizing only the peptide agonist (P < 0 05; Fig. 1A and B). This blocking effect lasted throughout the observation period. The antagonists reduced but did not fully block the water intake induced by Isoleu5-AnglI as compared with the experiment using only the agonists and with the control values (P < 0 05); Fig. 1 C) . with control values (P < 0 05; Fig. 2A , B and C). The increase in arterial pressure started immediately after the infusion of des-amine-AnglI. Arterial pressure and heart rate remained unchanged after previous (7 min) injection of the three antagonists compared with the control values nor was there any effect upon the response to des-amine-AnglI. The water intake induced by des-amine-Angll infusion was significantly decreased by previous injection of [Leu8]-AngIJ and des-amine-[Leu8]-AngII when compared with the values obtained after infusion of des-amineAngll alone (P < 0-05). Octanoyl-[Leu8]-AngII did not block the effect of des-amineAnglI (Fig. 2C ).
DISCUSSION
The infusion of Isoleu5-Ang1I into the lateral ventricle produced an increase in arterial blood pressure, heart rate and water intake. These results agree with those obtained by Hoffman & Phillips (1976) and Colombari, Saad, Camargo, Renzi, De Luca & Menani (1990) . A series of observations have indicated that the action of this peptide in inducing a pressor response is due to the activation of the receptors at many sites in the brain (Zimmerman, 1973 (Zimmerman, , 1978 Anderson, 1977; Simpson, Epstein & Camargo, 1978; Brosnihan, Berti & Ferrario, 1979) . Another possible action of Isoleu5-AngII is the activation of the release of a cerebral hormone with a prolonged vasopressor effect. Isoleu5-AngIJ may act on more than one type of receptor to induce a thirst response. The present results show that the two agonists studied (Isoleu5-AngII and des-amine-Angll) have both pressor and dipsogenic effect. The latency for the pressor and dipsogenic effect of des-amine-AngII is shorter than that for the effect of Isoleu5-AnglI. The duration of the effect of des-amine-AnglI is shorter than that of Isoleu5-AngII. These agree with the results of Saad, Menani, Camargo & Abrao-Saad (1985) and Gongalves, Camargo, Menani, Saad, Saad, Renzi & De Luca (1988) .
Three AnglI antagonists were injected into the lateral ventricle before the infusion of Isoleu5-AngII and des-amine-Angll. The thirst-inducing effect of Isoleu5-Angll was decreased. The three antagonists had no influence on the pressor and tachyeardic effect of des-amine-Angll. The dipsogenic effect was decreased by prior injection of the first two antagonists. In all of the antagonists studied, the amino acid and residue phenylanine at position 8a is substituted by one leucine. Bumpus (1977) reported that for the myotropic and vasopressor activity of the many antagonists of Isoleu5-AngII it has been determined that the phenyl group at position 8 has the information for the biological response. The aromatic groups at positions 4 and 6 are involved with the receptor site (Harding, Stone & Wright, 1981) .
The dipsogenic effects induced by the two agonists behaved differently when the antagonists were previously injected but the responses followed a similar time course. There was a clear dissociation between the effects of the agonists as also proposed by other investigators (Fitzsimons, Kucharczyk & Richards, 1978; Camacho & Phillips, 1981; Evered & Fitzsimons, 1981; Di Nicolantonio, Mendlesen, Hutchinson, Takata & Doyle, 1982; Phillips, Hoffman & Bealer, 1982; Camargo et al. 1984) .
In conclusion, the present results, taken together with those of others, demonstrate that the receptors of Isoleu5-AnglI, in the central nervous system, are necessary for the cardiovascular and dipsogenic action of the Isoleu5-AngIJ and its analogues. The study with the antagonists showed that des-amine-AnglI probably binds more strongly to AnglI receptors, with stronger thirst-inducing effects than Isoleu5-AngII. 
